Background: Plant cell cultures have developed rapidly in recent years for the synthesis of selected natural products. This study was conducted to evaluate the effect of yeast extract, jasmonic acid, phenylalanine, and tyrosine on total caffeic acid and polysaccharide production in callus cultures of two Echinacea varieties, namely Double Decker and Rubinstern. The biological activities (antioxidant, antimicrobial and cytotoxic activities) of different Echinacea extracts were also evaluated. Results: Data revealed the effect of yeast extract on calli of the two varieties. Double Decker calli recorded maximum caffeic acid derivatives and total hydrolysable sugars after 30 days of cultivation using 1.5 g/l and 1.0 g/l yeast extract respectively whereas, in Rubinstern calli, the maximum caffeic acid derivatives and total hydrolysable sugars were recorded at 1.0 g/l after 30 days. Using 50 mM jasmonic acid, Double Decker calli recorded maximum values of caffeic acid derivatives and total hydrolysable sugars after 15 days. In Rubinstern calli, caffeic acid derivatives and total hydrolysable sugar recorded maximum values after 30 days at 200 mM jasmonic acid and after 15 days at 50 mM jasmonic acid, respectively. In Double Decker variety, caffeic acid derivatives and total hydrolysable sugars recorded maximum values at 100 mg/l phenylalanine. Rubinstern calli recorded maximum value of caffeic acid derivatives at 100 mg/l phenylalanine and total hydrolysable sugars at 50 mg/l phenylalanine. As for tyrosine, maximum values of caffeic acid derivatives and total hydrolysable sugars recorded at 150 mg/l with Double Decker calli. Rubinstern calli recorded maximum value of caffeic acid derivatives and total hydrolysable sugars at 150 and 50 mg/l tyrosine, respectively. The biological activities of the different Echinacea extracts showed that maximum antioxidant activity (89.2%) was recorded with Rubinstern calli. Also, the maximum value of cell death (78.2%) was observed with the extract of Rubinstern calli. For antibacterial activity, most extracts showed inhibitory effect against Bacillus subtilis and Staphylococcus aureus growth. Conclusion: Both elicitors (yeast extract and jasmonic acid) and precursors (phenylalanine and tyrosine) have a clear effect on natural products of the two Echinacea varieties. The investigated Echinacea extracts (in vitro and in vivo plants and calli of the two varieties) showed moderate activity against tested microbial strains.
Background
The Echinacea species, known as purple coneflower, belongs to Asteraceae family and is native to North America. Echinacea have a long history of medicinal use for a variety of conditions in North America, and currently, Echinacea products are among the best-selling herbal medicines in several developed countries (Percival 2000) . Echinacea products also constitute a significant portion of the growing multi-billion-dollar pharma industry. The pharmacological activity of Echinacea extracts has been widely studied, with over 350 published studies to date (Briskin 2000) .
Alkamides, caffeic acid derivatives and polysaccharides are the principal phytochemical constituents of Echinacea extracts (Bauer 1998) . The potential active compounds of Echinacea are caffeic acid derivatives (CADs) such as cichoric acid, chlorogenic acid and caffeic acid have been identified in Echinacea species. Cichoric acid (a major compound in Echinacea purpurea) exhibits phagocytic, antihyaluronidase activity (Bergeron et al. 2002) and immunostimulatory properties (Choffe et al. 2000) . It has also shown to inhibit HIV-1 integrase and replication (Lin et al. 1999) . The potential active compounds in Echinacea including CADs, alkamides, polysaccharides and glycoproteins exhibit various clinical effects such as antioxidative, antibacterial, antifungal properties and are also used for treating common cold and respiratory and urinary diseases (Barrett 2003) .
The plant E. purpurea was also found to possess antimicrobial activity. The extracts of E. purpurea roots inhibited the growth of two kinds of yeast (Candida sp. and Saccharomyces cerevisiae) (Binns et al. 2000; Merali et al. 2003) .
As Echinacea is a good source of caffeic acid derivatives, alkamides, polyacetylenes, glycoproteins and polysaccharides, it can also be used as a model system to study factors that influence the production of these compounds (Hu et al. 2004) . Today preparations of Echinacea species are used as herbal drugs worldwide. These preparations contain different mixtures of various forms of Echinacea, both alone and in combination with other substances (Lienert et al. 1998; Bauer 1999) .
Conventional propagation of Echinacea employs seeds, crown divisions and root cuttings (Miller 2000) . Seeds are directly sown in the field or germinated in the greenhouse, and the established seedlings are then transplanted in the field (Miller 2000) . However, the efficiency of Echinacea seed germination and transplant production is rather low and inconsistent, ranging from no germination to variable frequency depending on the physiology of the seeds, and the growth environment, soil pH and moisture (Hobbs 1998; Macchia et al. 2001) . Echinacea seed dormancy also varies with species (Li 1998) ; Echinacea pallida and Echinacea angustifolia exhibit higher levels of dormancy than E. purpurea (Hobbs 1998) . Although propagation by seed in Echinacea is a predominant technique, it does not ensure pathogen-free plants. It is seasonal dependency, time-consuming and prone to poor yield because of seed dormancy and diseases.
Cell cultures and their elicitation may be a promising way of finding novel compounds, offering an opportunity of creating molecular diversity in nature. To fulfill the increasing demand for this important medicinal plant, different methods and strategies have been developed, which include rapid multiplication of axenic, healthy plants and faster introduction of new cultivars with desired traits (Abbasi et al. 2007) . In this regard, in vitro tissue culture techniques are proved to be very valuable. Therefore, different authors have been using the tissue culture techniques for E. purpurea plant and investigated the production of active compounds from propagated plants or cell cultures. The in vitro grown cells, callus and hairy root cultures were used to study biosynthetic pathways of important phytochemicals in Echinacea (Hu et al. 2004) . Echinacea cell cultures have been successfully used for small-and large-scale production of polysaccharides (Misawa 1994; Li and Barz 2005) . Also, cinnamic acid and caffeic acid were isolated from callus cultures of Echinacea (Sicha et al. 1991) . In this concern, we investigated in vitro clonal propagation for caffeic acid production in addition to RAPD analysis of some varieties of E. purpurea plants (Aboul-Enein et al. 2013) .
In this study, callus cultures from different explants of two varieties of E. purpurea, Double Decker and Rubinstern, were established and the effect of two precursors (phenylalanine and tyrosine) and two elicitor compounds (yeast extract and jasmonic acid) on production of caffeic acid derivatives and hydrolysable sugars was studied. Antioxidant, antitumor and antimicrobial properties of in vitro plants and callus cultures of Rubinstern and Double Decker varieties in comparison with in vivo plants were also investigated.
Methods

Plant materials
Seeds of the two varieties of Echinacea (Rubinstern and Double Decker) were kindly supplied by SEKEM Company, Egypt.
Seed sterilization and germination
Seeds of the Echinacea varieties were sterilized using 70% commercial solution Clorox (containing 5.25% sodium hypochlorite) for 20 min, rinsed thoroughly with sterile distilled water seven times and germinated aseptically on basal medium (MS-medium) Murashige and Skoog (1962) .
Culture medium and culture condition
The MS medium contained 3% sucrose and was solidified with 0.7% agar. The pH of the medium was adjusted to 5.8 and autoclaved at 121°C for 25 min. The cultures were incubated in a growth chamber at 26 ± 1°C under 16 h photoperiod. After 1 month, seedlings have reached about 1-3 cm in height and were used as starting plant material to excise different explants.
Callus initiation and maintenance
Leaf and shoot tip explants were obtained from in vitro germinated 4-week-old seedlings of the two Echinacea varieties (Rubinstern and Double Decker). The explants were placed onto MS-medium supplemented with different combinations of naphthalene acetic acid (NAA) (0.0, 0.25, 0.50 and 1.0 mg/l) with benzyl adenine (BA) (0.0 and 0.5 mg/l). The cultures were incubated at 26 ± 1°C for 16 h photoperiod. The percentage of callusing and number of formed shoots/explant were evaluated after 4 weeks of cultivation. After callus initiation, the produced calli of Rubinstern and Double Decker Echinacea varieties were transferred onto the production media containing different concentrations of BA (2.5, 5.0 and 7.5 mg/l) and 0.2 mg/l NAA to obtain mass production of callus.
Effect of elicitors on the active components
Calli produced from Rubinstern and Double Decker varieties were grown onto production medium supplemented with different concentrations of yeast extract (0.5, 1.0 and 1.5 g/l) or different concentrations of jasmonic acid (50, 100 and 200 mM) . The cultures were grown at 26°C ± 1 under light condition of 16 h photoperiod in a growth chamber for 3 months. Subculturing of the callus was done after every 4-week interval. Total caffeic acid derivatives and total hydrolysable sugars were determined in calli obtained after 15 and 30 days of cultivation.
Effect of precursors feeding on the active components
Callus produced from Rubinstern variety and Double Decker variety was grown onto MS-medium containing 0.2 mg/l NAA + 5.0 mg/l BA (callus production medium) and supplemented with different concentrations of phenylalanine (50, 100 and 150 mg/l) or three concentrations of tyrosine (50, 100 and 150 mg/l). The cultures were maintained at 26 ± 1°C temperature, and 16 h photoperiod in a growth chamber for 3 months, subculturing of the callus was done every 4-week intervals. After 3 months, the calli were taken for determination of total caffeic acid derivatives and total hydrolysable sugars.
In vitro and in vivo plants
In vitro plants of Rubinstern and Double Decker Echinacea varieties (Fig. 1) were obtained using shoot tip and leaf explants. Optimum shoot multiplication was observed on MS-medium containing 0.5 mg/L BA for the two varieties. Rooting were obtained with MS-basal medium or MS with IBA. In vivo plants were obtained from growing seeds in greenhouse (Aboul-Enein et al. 2013) .
Total caffeic acid derivative determination
Total caffeic acid derivatives were determined in the dried callus tissues (dried in oven at 60°C for 24 h) according to Bauer et al. (1988) . The absorbance was read at 330 nm against chicoric acid which was used for standard curve preparation.
Total hydrolysable sugar determination
The total hydrolysable sugars were determined in the dried callus tissues according to Dubois et al. (1956) . The absorbance of the developed yellow-orange color was measured at 490 nm. A standard curve was carried out using pure glucose with a suitable concentration.
Biological activities of Echinacea varieties Extract preparation
About 2 g of the dried samples of the in vitro plants, in vivo plants and calli of Rubinstern and Double Decker varieties were extracted using a method of maceration with 80% methanol for 3 h at room temperature. After the maceration, the extracts were collected, filtered and evaporated to dryness. The residues were dissolved in methanol (80%) and stored at 4°C until further use (Pellati et al. 2004 ).
Antioxidant activity
The radical scavenging capacity (RSC) of Echinacea crude extracts was performed by using DPPH (2,2-diphenyl-1-picrylhydrazyl) assay. The free radical scavenging capacity percentage (RSC%) was assayed according to Brand-Williams et al. (1995 where A = absorbance at 515 nm.
Cytotoxic activity
The cytotoxic activity of different Echinacea extracts was performed using the viability of tumor cells percentages which was measured by cytotoxic trypan blue exclusion technique as described by Bennett et al. (1976) .
Antimicrobial activity
Three kinds of pure strains of bacteria (Bacillus subtilis-NRRL-B941(G+), Staphylococcus aureus (G+), Escherichia coli-NRR-B3704(G-), and two strains of yeasts (S. cerevisiae and Candida albicans) were used in this experiment. The bacterial stock cultures were maintained at 4°C, and the antimicrobial activity was measured as described by Harrigan and Mc-Cance (1976) . This assay was carried out using well diffusion method against the used microbial pathogen cultures. Inhibition zone diameter (cm) was measured after 24 h.
Statistical analysis
LSD (least squares differences) test was used to compose the significant differences between means of treatment (Waller and Duncan 1969) .
Results
Callus initiation
Two different explants (leaf and shoot tip) of two Echinacea varieties (Rubinstern and Double Decker) were used for inducing callus cultures. Results in Table 1 show the effect of different NAA and BA combinations on morphogenic response of both explants of the two varieties used. It could be observed that all combinations of NAA and BA induced calli from both explants except MS-medium, free of growth regulators with the two Echinacea varieties after 4 weeks of cultivation. It could be observed that MS-medium supplemented with 0.5 mg/l each of NAA and BA gave the highest percentage of callus initiation (86%) from leaf explants of Rubinstern variety. While in Double Decker variety, the medium containing 1 mg/l NAA and 0.5 mg/l BA gave the best callus initiation. Using shoot-tip explants, the highest callus initiation (100%) was found at all levels of NAA and BA especially when grown on MS-medium supplemented with 0.25 mg/l NAA + 0.50 mg/l BA ( Fig. 2) . However, no response was observed using medium without growth regulators. In general, shoot tip explants are better responsive than leaf explants for callus initiation for the two varieties.
Data in Table 1 also show that the highest number of shoots/leaf explants (1.00 and 0.66) was recorded in Double Decker and Rubinstern varieties, respectively. However, medium containing NAA (0.5 mg/l) and BA (0.5 mg/l) induced the highest number of shoots (2.0) from shoot-tip explants of Rubinstern variety. On the other hand, no shoot formation was observed in Double Decker variety in all tested media, while shoot formation was observed with leaf explant.
Effect of elicitors on the active components
Two important elicitor compounds (yeast extract and jasmonic acid) were used to obtain high productivity of the active compounds in Double Decker and Rubinstern Echinacea calli derived from shoot-tip explants. Table 2 show that total content of caffeic acid derivatives in Double Decker calli increased gradually after 15 and 30 days with increasing yeast extract The total hydrolysable sugar content was increased in Double Decker calli after 15 days at all tested yeast extract concentrations. After 30 days, the hydrolysable sugar content was increased at 1.0 and 1.5 g/l yeast extracts. In both 15 and 30 days, the total hydrolysable sugars recorded the maximum levels (111.9 and 121.9 mg/g DW respectively) at 1.0 g/l yeast extract. While in Rubinstern calli, the total hydrolysable sugars increased with yeast extract levels after 15 days only.
Effect of yeast extract
Data in
The maximum content (116.9 mg/g DW) was obtained at 1.0 g/l yeast extract after 30 days. The addition of yeast extract has insignificant effect on total hydrolysable sugar accumulation.
Effect of jasmonic acid
Regarding the effect of jasmonic acid on the accumulation of active components, data in Table 3 show that caffeic acid derivatives increased significantly in Double Decker calli after 15 days with 50 and 100 mM of jasmonic acid. The production recorded was 4.08 mg/g DW, at 50 mM jasmonic acid, and this increase was nearly 5.04-folds compared with the control. While after 30 days, caffeic acid derivatives increased significantly at all jasmonic acid concentrations tested which recorded maximum value (3.71 mg/g DW) at 100 mM jasmonic acid, and the increase was nearly 2.4-folds compared with untreated cells. Caffeic acid derivatives in Rubinstern calli also increased significantly with 100 and 200 mM jasmonic acid after 15 days, while after 30 days the highest production was obtained at 50 and 200 mM jasmonic acid. The maximum value of caffeic 
Effect of precursor's feeding on the active components
Phenylalanine and tyrosine were used to increase caffeic acid derivatives and total hydrolysable sugars in Double Decker and Rubinstern Echinacea calli.
Effect of phenylalanine
Results in Table 4 indicate that increasing phenylalanine concentration increased caffeic acid derivative content in calli of the two varieties, up to 100 mg/l phenylalanine which then declined. The maximum caffeic acid derivative content (8.20 mg/g DW) was recorded in Double Decker variety at 100 mg/l phenylalanine. This represented a 14.4-fold increase compared with the control. Similarly, at the same level of phenylalanine, Rubinstern variety gave the highest content of caffeic acid derivative (5.58 mg/g DW); this represented almost a 6.3-fold increase compared with the control. Also, there were significant differences observed between control and all the treatments for the two varieties. The present data showed that the addition of 100 mg/l of phenylalanine to Double Decker calli significantly increased the total hydrolysable sugars (85.1 mg/g DW).
The other treatments (50 and 150 mg/l) of phenylalanine slightly increased total hydrolysable sugars. While in Rubinstern calli, addition of phenylalanine at 50 mg/l recorded the highest content of total hydrolysable sugars (95.8 mg/g DW).
Generally, the addition of phenylalanine in low levels to the culture media has stimulatory effect on the accumulation of total hydrolysable sugars including polysaccharides while higher levels have a negative effect on the contents of hydrolysable sugars. Table 5 revealed that the caffeic acid derivative content increased with all tyrosine concentrations in Double Decker calli. Caffeic acid derivatives recorded the highest contents (2.67 mg/g D.W.) at 50 mg/l tyrosine. For Rubinstern calli, the caffeic acid derivatives increased gradually with increasing tyrosine level until it reached the maximum value (8.41 mg/g DW) at 150 mg/l tyrosine and this value was nearly 9.55 times greater than the control.
Effect of tyrosine
Data in
With regard to hydrolysable sugars, the highest contents of total hydrolysable sugars (90 mg/g DW) were recorded in Double Decker calli by the addition of 150 mg/l tyrosine while, in Rubinstern calli, addition of only 50 mg/l tyrosine gave the highest value (93.8 mg/g DW). Also, it was observed that there were significant differences between the control and two treatments of tyrosine (50 and 100 mg/l).
Hence, it could be concluded that tyrosine has a positive effect on the accumulation of caffeic acid derivatives in Double Decker and Rubinstern calli. Higher levels of tyrosine resulted in maximum accumulation of hydrolysable sugars in Double Decker variety, while in Rubinstern variety higher levels of tyrosine have a negative effect on the accumulation of total hydrolysable sugars.
Biological studies
This part of study aims to examine the activity of the active compounds produced by in vitro cultures (in vitro plants and callus cultures) as antioxidant, antitumor and antimicrobial agents compared with in vivo plants of Rubinstern and Double Decker varieties.
DPPH radical scavenging capacity % (RSC%) Table 6 shows different radical scavenging capacity (RSC%) of various Echinacea extracts at different reaction times (15, 30, 45 and 60 min) . Data indicate that all Echinacea extracts exhibited radical scavenging capacity. The maximum value of RSC% (92.8%) was recorded with the extract of in vitro Double Decker plant after 45 min, followed by the same extract after 60 min (90.4%), whereas the minimum value (75.7%) of RSC% after 45 min was recorded by the extract of in vivo Rubinstern plant and after 60 min by the extract of in vitro Rubinstern plant (77.9%). It was recorded that the RSC% of all Echinacea extracts was low after 15 and 30 min and then increased after 45 min, but after 60 min, some Echinacea extracts were increased and others were decreased.
Cytotoxic effect of Echinacea extracts
In this experiment, different Echinacea extracts were tested against Ehrlich Ascites Carcinoma Cell (EACC) line. Data in Fig. 3 indicate that incubation of cancer cells with the tested extracts (2 h) affected the viability of tumor cells. The maximum number of cell deaths were observed with the extract of Rubinstern Echinacea calli (78.2%) followed by Double Decker Echinacea calli 
Antimicrobial activity of Echinacea extracts
Different Echinacea extracts including in vivo plants, in vitro plants and callus of Rubinstern and Double Decker varieties were tested against Bacillus subtilis-NRRL-B941(G +), S. aureus (G+), E. coli-NRR-B3704(G-), and two strains of yeasts (S. cerevisiae and C. albicans). About 200 μl of each extract was loaded in sterile plates, and the inhibitory effect was observed by measuring the inhibition zone diameter (cm). The data in Table 7 indicate that all Echinacea extracts showed inhibitory effect against Bacillus subtilis. The extracts of in vitro Double Decker and Rubinstern plants recorded inhibition zone (3 cm) higher than those recorded by the extract of in vivo plants. The lowest inhibition zone diameter (1.5 cm) was recorded with the extract of Double Decker calli (Fig. 4) .
All Echinacea extracts inhibited the growth of S. aureus except the extracts of in vitro Rubinstern plant. The highest inhibition zone (2.5 cm) was recorded with the extracts of in vivo Double Decker plant. The inhibition zone of the in vivo Double Decker plant extract was higher than that of the same in vitro variety (Fig. 4) . The inhibition zone for E. coli was observed with all Echinacea extracts except the extracts of in vitro plant and callus of Double Decker variety. The highest inhibition zone diameter was recorded with the extract of in vivo Rubinstern plant (2.0 cm), while the lowest inhibition zone (0.5 cm) was recorded with the extract of in vivo Double Decker plant (Fig. 4) . Inhibition zone for S. cerevisiae with different Echinacea extracts were observed with all extracts except the extracts of in vitro plant and callus of Double Decker variety. The highest inhibition zone was recorded with in vivo Double Decker extract (3.0 cm) and the minimum value (1.5 cm) was observed with in vitro Rubinstern plant (Fig. 4) . The inhibitory effect of different Echinacea extracts against C. albicans revealed that most Echinacea extracts did not show inhibitory effect against C. albicans except two extracts including in vivo Double Decker and in vitro Rubinstern plants (3.0 and 2.5 cm, respectively).
From these results, it could be concluded that, among the investigated extracts, different Echinacea extracts show moderate activity against tested microbial strains.
Discussions
Some studies achieved the initiation and production of callus from Echinacea species using different combinations of growth regulators. Koroch et al. (2002) showed that leaf explants of E. purpurea cultured on basal medium with different combinations of BA and NAA induced callus formation after 4 weeks of cultivation. Also, Lucchesini et al. (2009) found that white friable calli induced on media containing NAA and BA from leaf explants of E. angustifolia developed to shoot regeneration. Furthermore, Zayova et al. (2012a) found that the highest amount of callus (90%) was produced on MS medium containing 0.5 mg/l BA and 1 mg/l NAA from leaf explants of E. purpurea seedling after 3 weeks of cultivation. Our results are in agreement with these studies, where it was observed that all combinations of NAA and BA induced calli from both explants (leaf and shoot-tip) with the two Echinacea varieties after 4 weeks of cultivation.
The use of biotic and abiotic elicitors to stimulate the formation of natural product has become an important progress strategy and have been proved very useful in reducing the process time required to attain high concentrations of product and increased productivity (Dornenburg 2004) . Yeast extract did not affect the biosynthesis pathway of plants but it triggered the production of endogenous jasmonic acid and/or methyl jasmonate which influence the production of secondary metabolites (Sánchez-Sampedro et al. 2005) . For example, Li and Barz (2005) reported that the elicitation of cell culture of E. purpurea with yeast extract produced two new 8,4′-oxynorneoligans that were not detected in the intact plants and have cytotoxicity in human tumor cells. Yan et al. (2006) found that the root of Salvia miltiorrhiza treated with 200 mg/l yeast extract for 4 and 8 days increased rosmarinic acid content by 1.5-and 1.6-folds compared with control. Furthermore, the total phenolic content of roots treated by 200 mg/l yeast extract was about 20% higher than that of the control. Also, Cakir and Ari (2009) found that, in yeast extract, treated cell cultures of Astragalus chrysochlorus increased the total phenolic content after 24 h. Also, the addition of yeast extract to the shoot culture medium of Curcuma mangga increased the total phenolic content only up to the certain level (3.5 mg/l) (Abraham et al. 2011) .
In the present study, addition of 1.0 or 1.5 g/l yeast extract to callus cultures resulted in increasing caffeic acid content, the increase was between 2.16-and 3.2-fold increase with the two varieties used. However, using yeast extract has insignificant effect on total hydrolysable sugars. The highest hydrolysable sugar increment recorded was with 1.0 g/l yeast extract.
Generally, it is reported that yeast extract enhances the accumulation of caffeic acid derivatives in Echinacea calli (Sánchez-Sampedro et al. 2005) . However, in our study, the highest hydrolysable sugar increment recorded was with 1.0 g/l yeast extract treatment in Double Decker calli after 30 days while in Rubinstern calli it was after 15 days. The stimulation effect of jasmonic acid on the accumulation of phenolic compounds is reported by Kim et al. (2006) who found that total phenolic contents of the sweet basil treated with 0.1 and 0.5 mM methyl jasmonate (MeJA) reached maximal values at the second day after the treatment. The increase recorded was 27% and 57%, respectively, higher than that of the control harvested on the same day. Horbowicz et al. (2011) exposed seedling of buckwheat (Fagopyrumes culentum Moench) to MeJA vapor and reported that MeJA stimulated the accumulation of the total phenolics in cotyledons and hypocotyls. Hence, it could be concluded that MeJA probably stimulated the production of various derivatives of phenolic acids. Also, Nafie et al. (2011) found that 0.5, 5 and 10 μmol concentrations of Jasmonic acid were effective for increasing phenylalanine ammonia-lyase (PAL) activity over the control in melon cell suspension. Furthermore, addition of Jasmonic acid or methyl jasmonate to Mentha piperita suspension cultures resulted in high accumulation of phenolic compounds (Krzyzanowska et al. 2012) . Recently, Kikowska et al. (2015) reported the optimum condition of elicitation for cultivation of shoots of Eryngium planum in liquid MS media in the presence of 100 μM MeJA for 48 h. This resulted in an approximately 4.5-fold increase in rosmarinic, chlorogenic and caffeic acid in plant material compared with the control. The results in the present study revealed that addition of jasmonic acid caused an increase in caffeic acid and total sugar content of the cultures used. The increment was between 1.6-and 2.5-folds compared with untreated cultures.
The aromatic amino acids, phenylalanine and tyrosine, form the basis of C 6 -C 3 phenylpropane units through the shikimate pathway (the pathway provides many aromatic compounds in plants including caffeic acid derivatives). In this respect, it was reported that L-phenylalanine has a stimulatory role on the accumulation of phenolics in cultures of Spirulina maxima algae (Abd El-Baky et al. 2009 ). Moreover, Hegazi and El-Lamey (2011) found that the chlorogenic acid of Ephedra alata callus cultures gave the highest amount in a medium containing 100 mg/l L-phenylalanine. Roy and Mukhopadhyay (2012) found that total phenolic content of Mentha arvensis shoot cultures augmented up to 5.31 mg/g FW after addition of 10 mg/l phenylalanine (nearly 2.25 times higher than the control plants). They added that higher concentration of phenylalanine did not favor increment in total phenol content. This finding agreed with our results which showed that higher levels of phenylalanine (more than 100 mg/l) reduced the content of caffeic acid derivatives in calli of the two varieties.
In a previous study, Guo et al. (2012) found that addition of 2 mM phenylalanine in callus cultures of Glycyrrhiza uralensis gave a high polysaccharide content (9.9%). El-Naggar (2012) showed that higher levels of tyrosine enhanced phenylalanine ammonia-lyase (PAL) gene activity (it is the enzyme at the entry point of the phenylpropanoid pathway, which yields a variety of phenolic compounds). This observation disagreed with our results in the case of Double Decker calli; hence, the lowest level of tyrosine was more effective but it agreed with that in Rubinstern calli. However, Sabra et al. (2012) reported that phytochemical profile of caffeic acid derivatives, alkamides and/or ketones was not affected by salinity (as a biotic elicitor). However, significant changes in their relative amount were found depending on the Echinacea species and salinity intensity.
Several studies were focused on the antioxidant activity of Echinacea species. Hu and Kitts (2000) reported that the antioxidants of E. purpurea are due to echinacoside and caffeic acid which have potent scavengers of free radicals such as hydroxyl radicals and superoxide. Also, Sloley et al. (2001) evaluated the antioxidant activity of Echinacea roots and leaves using the 2,2′-azino-bis (3-ethylbenzothiazoline-6-sulfonic acid) (ABTS·) radical cation model. They found a correlation between the methanolic extract composition and the antioxidant activity. From these results, it could be concluded that all tested Echinacea extracts expressed a free radical scavenging capacity (RSC). These findings are in accordance with the published data by Pellati et al. (2004) who reported that the DPPH scavenging activity was high in E. purpurea and decreased in E. pallida and E. angustifolia. The values of the DPPH radical scavenging activity showed positive correlation with those of total phenolics. Antioxidant activities of extracts from E. purpurea derived from in vitro propagated plants and adapted to field conditions in comparison to the extracts from traditionally cultivated plants were compared by Zayova et al. (2012b) . They found that water-soluble and lipid-soluble antioxidant capacities increased threefolds or more but total phenolic content increased by only 9%. Elevated levels of antioxidant components determined higher radical scavenging activity. Therefore, total antioxidant potential also increased by 27% in comparison with traditionally cultivated plants. Carlo et al. (2003) reported that E. purpurea extracts have anti-apoptotic activity through upregulation of BCl 2 and downregulation of Fas. Also, Huntimer et al. (2006) reported that Echinacea herbal medicines affect cell proliferation despite cancer treatment. In this connection, Sayed (2011) reported that mice treated with combined doses of Echinacea extract and cisplatin (inorganic antitumor drug) showed pronounced significant increases in percentages of polychromatic erythrocytes (PCEs). Sharma et al. (2008) examined six different commercial Echinacea extracts for their ability to inactivate 15 different human pathogenic bacteria and two pathogenic fungi. They found that five bacteria were very sensitive to one or more of the extracts. The other bacteria and fungi were either slightly sensitive to one or more extracts or were totally resistant. Candida albicans was previously reported as sensitive to Echinacea by Merali et al. (2003) . No common mechanism of antibacterial activity was found, since Echinacea is part of the Asteraceae family, which is known to contain many plants rich in antibacterial polyenes and thiophenes; such compounds might also have contributed to the activities observed (Hudson 2010) . Our results confirmed the inhibitory effect of different Echinecea extracts used in this study with results of most studies. In the present study, it was found that all Echinacea extracts showed inhibitory effect against Bacillus subtilis and some extracts inhibited the growth of S. aureus. However, different Echinacea extracts showed an inhibition zone for Saccharomyces cervisiae. Also, most extracts did not show an inhibitory effect against C. albicans.
Conclusion
Caffeic acid derivatives and polysaccharides are the principal phytochemical constituents of Echinacea extracts. Cell culture system is a tool for the large-scale culture of plant cells, which produce a continuous source of secondary metabolites. The synthesis of secondary metabolites in cell cultures can be induced and enhanced by some strategies including precursors feeding and elicitor's treatment. Therefore, this study was conducted to enhance the production of major secondary metabolites (caffeic acid derivatives and total hydrolysable sugars) of callus culture of two Echinacea varieties. Two elicitors (yeast extract and jasmonic acid) and two precursors (phenylalanine and tyrosine) were used to achieve this goal. Among different treatments, the application of jasmonic acid as elicitor with Rubinstern calli attained maximum caffeic acid derivatives (9.75 mg/g DW) and total hydrolysable sugars (161.3 mg/g DW). Also, Rubinstern calli recorded maximum antioxidant and cytotoxic activities. For antibacterial activity, most Echinacea extracts showed an inhibitory effect against tested microbes.
